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§3. Fabrication, Inspection Tests and the 
Development of Joints of Superconductors 
for the Helical Coils of LH D 
Yanagi, N., Yamamoto, J., LHD Group 
Pool-cooled composite-type superconductors 
with NbTi superconducting strands and copper 
and pure aluminum stabilizers have been 
fabricated for the helical coils of Large Helical 
Device (LHD) with the total length of more than 
36 km. The unit length of the products ranges 
from 600 to 11 00 m depending on the position of 
the layer to be used within the helical coils. Each 
product was carefully inspected in many items, 
such as critical currents of superconducting 
strands, magnetoresistivity of Cu-2%Ni clad 
pure aluminum stabilizers, heat transfer 
coefficient of the blackened (oxidized) surface to 
the liquid helium, and mechanical toughness 
including the properties related with electron 
beam welds of the copper sheath. Moreover, 
short sample tests of full-conductors have also 
been carried out with the large scaled 
superconductor test facilities in NIFS. Four 
conductors, each 2 m long, were individually 
taken from each product and they were soldered 
together in series to form a W -shaped short 
sample. Critical currents and recovery currents 
were measured under the bias magnetic field of 6 
- 8 T with the sample exposure rate of 50 %[1]. 
Figure 1 shows the measured recovery currents 
for the samples of#1,2-1- #7-2, where #N 
denotes the layer number within the helical coils 
and -1 and -2 corresponds to the coil number. As 
is seen in Fig. 1, all the measured recovery 
currents exceeded the nominal current of 13 kA 
at 7 T, 4.4 K which is the phase I operation 
condition ofLHD. 
We have also developed a new technique for 
the layer-to-layer conductor joints to reduce the 
heat generation in the helical coils, which is 
extremely important with their tight channels for 
the liquid and gas helium. Figure 2 shows the 
cross section of the developed joint. Sandwiched 
8 
between the two conductors is a so called joint 
piece of 400 mm long which directly connects 
the two conductor cables by 20 superconducting 
strands with a small normal resistance through 
thin solder layers. The joint resistance was 
experimentally measured with short samples to 
be drastically small (0.7 nQ/joint for phase II 
operation condition) compared to that of 
conventional lap joints ( 4.4 nQ/joint). 
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Fig. 1. Recovery currents measured for the 
product conductors used for LHD. 
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Fig. 2. Cross-section of the conductor joint. 
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